is not only a natural consequence of the evolutionary branching process (8) but also is a result of ecological species packing (9). The simplest index of this change is the overall ratio of species to genera. For groups of organisms living today, this ratio has a minimum of about 4. The living representatives of the paleontologically significant groups of marine organisms have ratios of species to genera averaging about 12 (9).
Valentine estimated that average ratios of species to genera increased from about 6 in the middle Cambrian to 10 in the late Cretaceous; his estimate closest to the Permian is for the Late Carboniferous: 8.2 species per genus (9). For my analysis, I have chosen to use data for living echinoids because this group has a species/genus ratio of 4.03 and thus is a conservative choice as a proxy for true species-level Permian data. The extinction data in Table 1 Species extinction of 88 or 96 percent is so high that a search for logical errors or biases in the analysis is necessary. One problem might be that estimates of species extinctions are exaggerated because some families and orders were small (near extinction) in the late Permian (1), but this is largely accounted for when rarefaction is used: it is assumed that most taxa are small. It could be argued that the Permo-Triassic extinctions are taxonomic artifacts caused by the reluctance of some taxonomists to continue taxa over a major era boundary, but if this were the case, the terrestrial fossil record would show a comparably severe mass extinction. It could even be argued that normal species turnover is so rapid that extinction of nearly 100 percent during the Permian is to be expected even without a mass extinction. But the concern here is not with normal turnover covering the span of the Permian but with extraordinary turnover in the late is not only a natural consequence of the evolutionary branching process (8) but also is a result of ecological species packing (9). The simplest index of this change is the overall ratio of species to genera. For groups of organisms living today, this ratio has a minimum of about 4. The living representatives of the paleontologically significant groups of marine organisms have ratios of species to genera averaging about 12 (9).
Valentine estimated that average ratios of species to genera increased from about 6 in the middle Cambrian to 10 in the late Cretaceous; his estimate closest to the Permian is for the Late Carboniferous: 8.2 species per genus (9). For my analysis, I have chosen to use data for living echinoids because this group has a species/genus ratio of 4.03 and thus is a conservative choice as a proxy for true species-level Permian data. The extinction data in Table 1 Species extinction of 88 or 96 percent is so high that a search for logical errors or biases in the analysis is necessary. One problem might be that estimates of species extinctions are exaggerated because some families and orders were small (near extinction) in the late Permian (1), but this is largely accounted for when rarefaction is used: it is assumed that most taxa are small. It could be argued that the Permo-Triassic extinctions are taxonomic artifacts caused by the reluctance of some taxonomists to continue taxa over a major era boundary, but if this were the case, the terrestrial fossil record would show a comparably severe mass extinction. It could even be argued that normal species turnover is so rapid that extinction of nearly 100 percent during the Permian is to be expected even without a mass extinction. But the concern here is not with normal turnover covering the span of the Permian but with extraordinary turnover in the late Permian (mass extinction). Finally, it could be argued that the extinctions were actually selective [in spite of some evidence to the contrary (10)], so that some higher taxa had relative immunity to exPermian (mass extinction). Finally, it could be argued that the extinctions were actually selective [in spite of some evidence to the contrary (10)], so that some higher taxa had relative immunity to extinction. If so, the estimates of species extinction would have to be lowered because the rarefaction method assumes nonselective extinction. In a worst case, if all species in half the higher taxa were immune to extinction, the family data (Table 1) The magnitude of the extinction has evolutionary implications. In the Permian, the standing species diversity was at least 45,000 (2) and at most 240,000 (11). If only 4 percent survived, the marine biosphere would have been left with between 1,800 and 9,600 species. Under the circumstances, chance sampling effects would have influenced the composition of the surviving biota through an evolutionary founder effect analogous to the phenomenon observed when oceanic islands are populated by small numbers of chance migrants. In such cases, the colonizing group is not typical of the source group because of accidents of dispersal as well as true differences in dispersal ability. The compositional changes that followed the Permo-Triassic extinction (12) may have resulted to some degree from founder effects. It tinction. If so, the estimates of species extinction would have to be lowered because the rarefaction method assumes nonselective extinction. In a worst case, if all species in half the higher taxa were immune to extinction, the family data (Table 1) The magnitude of the extinction has evolutionary implications. In the Permian, the standing species diversity was at least 45,000 (2) and at most 240,000 (11). If only 4 percent survived, the marine biosphere would have been left with between 1,800 and 9,600 species. Under the circumstances, chance sampling effects would have influenced the composition of the surviving biota through an evolutionary founder effect analogous to the phenomenon observed when oceanic islands are populated by small numbers of chance migrants. In such cases, the colonizing group is not typical of the source group because of accidents of dispersal as well as true differences in dispersal ability. The compositional changes that followed the Permo-Triassic extinction (12) may have resulted to some degree from founder effects. It continental shelf communities, little is known of the ecological couplings between estuaries and coastal waters. Our purpose in this report is to describe some of these couplings for the plankton community of the South Carolina and Georgia continental shelf. Community metabolic processes in the local estuaries Abstract. On the southeastern U.S. continental shelf, phytoplankton primary production and the densities of zooplankton, fish eggs, and fish larvae peak simultaneously in late summer and early fall. Some community response to irregular storm events is observed. However, the gross plankton community dynamics on this shelf are dominated by couplings with the local estuaries and shallow nearshore zone.
Estuarine Influences on a Continental Shelf Plankton Community
Abstract. On the southeastern U.S. continental shelf, phytoplankton primary production and the densities of zooplankton, fish eggs, and fish larvae peak simultaneously in late summer and early fall. Some community response to irregular storm events is observed. However, the gross plankton community dynamics on this shelf are dominated by couplings with the local estuaries and shallow nearshore zone. umn (2, 3) . In contrast, the rate of phytoplankton production is lower farther seaward on the broad, shallow continental a Primary production 
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shelf, which is bordered on the east by the Gulf Stream (4, 5) . This area is poor in nutrients (6), and the fish biomass is 10 percent of that of the northeastern U.S. continental shelf (7). It is of interest, therefore, to examine how wide this transition zone is and whether the coupling between estuary and nearshore coastal zone is in fact influencing the plankton community further out on the shelf.
We determined the phytoplankton photosynthetic activity along four transects normal to the coast between Charleston, South Carolina, and Jacksonville, Florida (8). The maximum rate of primary production at full sunlight, Pmax (in milligrams of carbon per cubic meter per hour), is directly correlated with the simulated in situ estimates of production per unit area (in milligrams of carbon per square meter per day) (9). We therefore assume that Pmax is a good, although relative, index of actual in situ photosynthetic activity. The value of Pmax dropped dramatically within 10 km of shore along all transects for each cruise (Fig. 1) . (Fig. 2a) . The transition zone between the two areas is only 5 km wide. Seasonal production per square meter in shallow and deeper portions of the shelf follow each other closely. The spatial pattern in community plankton respiration is similar (10). The exception is a large increase in phytoplankton production during the winter offshore and is attributable to storm conditions (11). This latter increase was not observed in the shallow zone, but there is a brief midwinter increase in the estuary (1, 12) . Otherwise, these data show evidence of seasonal patterns which peak coincidentally in the late summer and early fall.
Because zooplankton are able to quickly exploit new food resources, estimates of their seasonal abundance can be used as an index of primary production in oceanic waters (13). We found that, like phytoplankton production, the densities of zooplankton, fish eggs, and fish larvae in the shallow and deeper waters are also closely coupled in time and space (Fig. 2, b and c) . The population density of each component in both zones also reaches a peak in late summer.
All these parameters of the plankton community across the continental shelf thus have two features in common: (i) a seasonal synchronous increase and then decrease during the year, which peaks in late summer, and (ii) decreasing values as the water depth increases. Similar changes in salinity across the shelf result from the introduction of freshwater through coastal estuaries (Fig. 3) (14) . The pattern that emerges exhibits an intense coupling between shallow and deeper portions of the shelf. Since the plankton community of the nearshore zone (1) is strongly influenced by what happens in the adjacent coastal estuaries, the coupling between estuary and continental shelf continues inshore. Irregular storms interrupt the predictable pattern of seasonal change. Because of their rapid turnover, phytoplankton and zooplankton tend to respond quickly to these storms. In contrast, the larger predators can adapt to the regular (seasonal) events but less readily to the irregular storm events. It is not surprising, therefore, that the abundance of fish larvae and eggs has a more sharply defined seasonal pattern than the rates of primary production or zooplankton density; perhaps fish eggs and larvae are actually being flushed out of the estuary along with the plankton, even stronger evidence of estuarine-shelf couplings.
Other couplings between estuaries and waters of the continental shelf include changes in sediment supply and circulation ( (Fig. 1A) (2) .
The sep gene probably is identical to the pbpB and fts genes described independently by Spratt (4) and Suzuki et al. (Fig. 1A) (2) .
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